Abstract. Osteopontin (OPN) may facilitate tumorigenesis and metastasis through prevention of tumor cells from apoptosis. Although previous studies have suggested involvement of enhanced Bcl-2 protein family expression, the role of OPN together with Bcl-2 in hepatocellular carcinoma (HCC) remains unknown. In this study, we used western blotting to detect the OPN and Bcl-2 expression levels in cell lines with different OPN backgrounds and HCC tissues, and tumor tissue microarrays to examine OPN and Bcl-2 expression levels in 454 HCC cases. The Kaplan-Meier method and log-rank test were applied to investigate the predictive values of OPN and Bcl-2 in HCC patients. In vitro assays indicated that OPN expression increased concordantly with increasing metastatic potential in MHCC97-H, MHCC97-L, HepG2 and SMMC-7721 cell lines by western blotting, whereas Bcl-2 expression declined. In addition, Bcl-2 was highly upregulated in OPN knockdown MHCC97-H cell lines. Furthermore, in HCC tissues, it was confirmed that OPN levels were also significantly higher in recurrent tumor tissues compared to non-recurrent tissues by western blotting (p<0.001), whereas the contrary occurred in Bcl-2 (p=0.046). Using immunohistochemistry analysis, patients with higher OPN levels had significantly shorter median survival time and recurrence time compared to the lower ones, although the opposite occurred in Bcl-2 levels. Of note, when OPN and Bcl-2 were combined, we found that the co-index of OPN/Bcl-2 was an independent prognostic factor for both overall survival (p<0.001) and time to recurrence (p<0.001). Our findings demonstrate that OPN/Bcl-2 expression is a promising independent predictor of recurrence and survival in HCC. Additionally, Bcl-2 levels may be regulated by OPN in the HCC microenvironment.
Introduction
Osteopontin (OPN), a secreted non-collagenous, sialic-acidrich, chemokine-like extracellular matrix (ECM) protein, has been implicated as an important mediator and a potential therapeutic target of cancer metastasis (1) . OPN could inhibit the apoptosis of adherent endothelial cells induced by growth factors and cytokine depletion by enhancing Bcl-xL expression (2) . Bcl-2 has been demonstrated to play important roles in the development and progression of several types of cancer (3) (4) (5) , and can be an independent predictor of cancer outcome (6, 7) . Bcl-2 has also been found to play an important role in resistance to 5-fluorouracil-caused cell death of hepatocellular carcinoma (HCC) (8) . In a previous report, OPN silencing reduced the expression of integrin αv, β1 and β3, blocked NF-κB activation, suppressed Bcl-2/Bcl-xL and XIAP expression, increased Bax expression, and induced a mitochondria-mediated apoptosis (9) . However, the correlation between OPN and BCL-2 in HCC and their potential roles in prognosis remain unclear.
In the present study, we examined the expression levels of OPN and Bcl-2 in HCC cell lines and tumor tissues from 454 cases of HCC patients to investigate the correlation between OPN and Bcl-2 and its prognostic values for HCC patients. We found that the combination of OPN and Bcl-2 could provide prognostic information for HCC patients. Bcl-2 levels may be regulated by OPN in the HCC microenvironment.
Materials and methods
Patients and cell lines. Four hundred and fifty-four patients undergoing curative resection for HCC at the Liver Cancer Institute, Zhongshan Hospital, Fudan University, between 2004 and 2006, were enrolled in this study. For each patient, the diagnosis of HCC was confirmed by pathologic examination and complete follow-up data were available. The clinicopathologic characteristics of patients in the tumor tissue microarray (TMA) are summarized in Table I . Follow-up was completed in March 2012. The mean survival was 61.6±1.9 months. Follow-up after surgery included serum α-fetoprotein (AFP), ultrasonography and chest Χ-ray every 2-3 months according to the postoperative time (8, 10) . The diagnosis of recurrence was based on typical imaging appearance in computed tomography and/or magnetic resonance imaging scan and an elevated AFP level. Overall survival (OS) was defined as the interval between the date of surgery and mortality. Time to recurrence (TTR) was defined as the time between the start of surgery and the first report of recurrence (excluding patients who succumbed to non-liver cancer causes before recurrence) (11, 12) . For patients who had not experienced a recurrence at the time of mortality or last follow-up, TTR was censored at the date of mortality or the last follow-up.
The study was approved by the Research Ethics Committee of Zhongshan Hospital, Fudan University (Shanghai, China). Snap-frozen or paraffin-embedded tissue specimens were obtained from these patients after receiving written informed Table I . Associations between OPN/BCL-2 density as detected by immunohistochemical staining of tissue microarrays and clinicopathological characteristics of HCC patients (n=454). Tissue microarray immunohistochemistry analysis for OPN and Bcl-2. Tissue microarrays were constructed as previously described (13) . Briefly, duplicate 1-mm-diameter cylinders were obtained from 2 different areas of the donor blocks and transferred to the recipient paraffin block at defined array positions (Shanghai Biochip Co., Ltd.). Consecutive 4-µm-thick sections were obtained on 3-aminopropyltriethoxysilanecoated slides (14) .
Immunohistochemistry was carried out using a two-step protocol according to the manufacturer's instructions. Briefly, the sections were dewaxed in xylene and graded alcohols, hydrated, and washed in PBS. After endogenous peroxidase was inhibited by 3% H 2 O 2 for 30 min, the sections were pretreated in a microwave oven (14 min in sodium citrate buffer; pH=6), nonspecific binding sites were blocked with Protein Block (Novocastra Laboratories, Newcastle upon Tyne, UK), and then the tissues were incubated with primary antibodies for 12 h in a moist chamber at 4˚C. Primary antibodies used for detecting the expression levels of OPN and Bcl-2 were mouse anti-human OPN antibody (1:100) and rabbit antihuman Bcl-2 antibody (1:100; both from Abcam, Cambridge, UK). The components of the Envision-plus detection system were applied (EnVision+/HRP/Mo; Dako, Carpinteria, CA, USA). Reaction products were visualized by incubation with 3,3-diaminobenzidine solution. Negative controls were treated identically but with the primary antibodies omitted (12) .
The images of 4 representative fields were captured by the Leica QWin Plus version 3 software and identical settings were used for each image under high-power magnification (x200). The density of positive staining was evaluated using a Leica CCD camera DFC420 connected to a Leica DMIRE2 microscope (Leica Microsystems Imaging Solutions, Cambridge, UK) and a computer. The OPN and Bcl-2 densities were determined by Image-Pro Plus version 5.0 software (Media Cybernetics, Bethesda, MD, USA) as previously described (10) . Uniform settings were used for each antibody staining. The IOD of all positive staining in each image was measured and the density of each antibody was calculated as the product of IOD/total area.
Western blot analysis. The protein levels of OPN and Bcl-2 in cell lines and tumor tissues were evaluated via western blot analysis. Total protein was extracted in lysis buffer for 45 min on ice. Equal amounts of protein of each sample (50 µg) were denatured by heating at 100˚C for 5 min with Laemmli loading buffer, and subsequently loaded on 10% SDS-polyacrylamide gel electrophoresis, then transferred onto polyvinylidene fluoride membranes (Millipore). Primary antibodies against OPN (1:1,000) and Bcl-2 (1:1,000) (Abcam) were used. A monoclonal antibody against GAPDH (1:1,000; Santa Cruz Biotechnology, Inc.) was used as the internal control. The bands were quantified using Gel-Pro Analyzer 4.0 (Media Cybernetics). The OPN/ GAPDH and Bcl-2/GAPDH ratios were calculated for relative quantization. Each experiment was repeated at least 3 times.
Statistical analyses. Statistical analysis was performed with SPSS 15.0 for Windows (SPSS, Chicago, IL, USA). The Kaplan-Meier method was used to calculate the survival and recurrence curves and to estimate OS and TTR. The log-rank test was used to compare TTR and OS between patients in different groups. The Spearman's rank and Fisher's exact tests were applied to demonstrate clinicopathological correlations. Univariate and multivariate analyses were performed with Cox proportional hazards model. Student's t-test was used for the comparison of data between groups; if variances within groups were not homogeneous, the nonparametric Mann-Whitney U test and Kruskal-Wallis H test were used. Values are expressed as the means ± standard deviation. p<0.05 was considered to indicate a statistically significant difference. For OPN and Bcl-2 density, the cutoff for the definition of subgroups was the median value.
Results

OPN and Bcl-2 expression in HCC cell lines.
After assessing OPN and Bcl-2 expression levels in MHCC97-H, MHCC97-L, HepG2 and SMMC-7721 cell lines by western blot analysis, we found that OPN expression increased with increasing metastatic potential in human HCC cell lines while Bcl-2 decreased with increasing metastatic potential (Fig. 1B) .
To investigate the association between OPN and BCL2, we analyzed the expression level of BCL2 in HCCLM3 cells transfected with lentiviral vectors with specific miRNAs for OPN, whose OPN levels were previously analyzed (9); Bcl-2 expression increased significantly in HCCLM3 cells when OPN was knocked down (Fig. 1C) .
Expression of OPN and Bcl-2 in HCC. OPN expressed highly in recurrent tumor tissue but low in non-recurrent ones by western blotting. Bcl-2 was expressed low in recurrent tumor tissue and low in non-recurrent ones. In the relative quantitative analysis below, OPN was significantly higher in recurrent tumor tissue than in non-recurrent ones ( ** p<0.001). Bcl-2 was significantly higher in non-recurrent than in recurrent tumor tissue ( * p=0.046) (Fig. 1A) . The positive staining for OPN was mainly found in HCC cells in the peripheral region of cancer nodules, rather than in the noncancerous hepatocytes. OPN staining was localized in the cytoplasm of HCC cells. Immunoreactivity for Bcl-2 was observed both in the cytoplasm and the nucleus of HCC cells (Fig. 2) . A and B) The 1-, 3-, 5-and 7-year overall survival rates (log-rank test, p=0.002; 87.1, 72.4, 64 and 55.2%, respectively for low OPN patients, vs. 75.9, 54.6, 46.9 and 42.7%, respectively for high OPN patients) and cumulative recurrence rates (p=0.025; 23.8, 33.9, 42.2 and 48.4%, respectively for low OPN patients, vs. 41.1, 46.6, 51.9 and 57.3%, respectively for high OPN patients) of low OPN patients were significantly different from those of high OPN patients. (C and D) The 1-, 3-, 5-and 7-year overall survival rates (p= 0.001; 78.7, 58.3, 47.8 and 40.5%, respectively for low Bcl-2 patients, vs. 84.3, 68.9, 63.4 and 57.8%, respectively for high Bcl-2 patients) and cumulative recurrence rates (p=0.019; 39.6, 46.0, 51.9 and 57.0%, respectively for low Bcl-2 patients, vs. 24.9, 32.7, 42.0 and 48.9%, respectively for high Bcl-2 patients) of low Bcl-2 patients were significantly different from those of high Bcl-2 patients. (E and F) By combining OPN and Bcl-2, the 1-, 3-, 5-and 7-year overall survival rates (p<0.001; 89.0, 75.6, 72.0 and 67.1%, respectively for group II, vs. 70.3, 43.9, 35.3 and 33.1%, respectively for group Ⅲ) and cumulative recurrence rates (p= 0.001; 21.3, 29.0, 39.9 and 44.3%, respectively for group II, vs. 55.7, 59.3, 60.7 and 60.7%, respectively for group Ⅲ) of group II patients were significantly different from those of group Ⅲ patients. Group I, patients with high OPN and high Bcl-2 (n=125); group II, patients with high OPN and low Bcl-2 (n=102); group Ⅲ, patients with low OPN and high Bcl-2 (n=102); group Ⅳ, low OPN and low Bcl-2 (n=125). OPN, osteopontin.
As shown in Table I , high OPN expression in tumor tissue was significantly correlated with tumor differentiation (p<0.001) and HBsAg level (p=0.006). However, no statistically significant association was found between the Bcl-2 expression and these clinical characteristics.
Prognostic value of OPN and Bcl-2 in 454 HCC patients.
Using IOD median value as the cutoff value, 454 HCC patients were divided into 2 groups. The 1-, 3-, 5-and 7-year OS rates of high-OPN patients (75.9, 54.6, 46.9 and 42.7%, respectively) were significantly lower than those of low-OPN patients (87.1, 72.4, 64 and 55.2%, respectively; p=0.002) (Fig. 3A) . The 1-, 3-, 5-and 7-year recurrence rates of high-OPN patients (41.1, 46.6, 51.9 and 57.3%, respectively) were much higher than those of low-OPN patients (23.8, 33.9, 42.2 and 48.4%, respectively; p=0.025) (Fig. 3B) . The 1-, 3-, 5-and 7-year OS rates of high-Bcl-2 patients (84.3, 68.9, 63.4 and 57.8%, respectively) were significantly lower than those of low-Bcl-2 patients (78.7, 58.3, 47.8 and 40.5%, respectively; p=0.001) (Fig. 3C) . The 1-, 3-, 5-and 7-year tumor recurrence rates of high Bcl-2 patients (24.9, 32.7, 42.0 and 48.9%, respectively) were much higher than those of low Bcl-2 patients (39.6, 46.0, 51.9 and 57.0%, respectively; p=0.019) (Fig. 3D) .
Combined value of OPN and Bcl-2 to predict OS or TTR.
Based on the expression levels of OPN and Bcl-2, we stratified the 454 HCC patients into four groups: Group I, patients with high OPN and high Bcl-2 (n=125); Group II, high OPN and low Bcl-2 (n=102); Group III, low OPN and high Bcl-2 (n=102); Group IV, low OPN and low Bcl-2 (n=125). The patients of Group II (high OPN/low Bcl-2) had much shorter OS and TTR compared with those of Group III (low OPN/ high Bcl-2). The 1-, 3-, 5-and 7-year OS rates of Group II (89.0%, 75.6%, 72.0% and 67.1%, respectively) were significantly lower compared with Group III (70.3%, 43.9%, 35.3% and 33.1%, respectively; p<0.001) (Fig. 3E) . The 1-, 3-, 5-and 7-year recurrence rates of Group II (21.3%, 29.0%, 39.9% and 44.3%, respectively) were significantly lower than those of patients in Group III (55.7%, 59.3%, 60.7% and 60.7%, respectively; p=0.001) (Fig. 3F) .
Univariate and multivariate analyses of the prognostic values of OPN and Bcl-2 in HCC patients.
To further evaluate the prognostic value of OPN and Bcl-2 for HCC patients, univariate and multivariate analyses were performed with the clinicopathological characteristics as well as the OPN and Bcl-2 levels (Tables II and III) . In the univariate analysis, serum AFP level, tumor size, tumor number, vascular invasion, BCLC stage, tumor differentiation and tumor encapsulation were shown to be associated with OS of HCC patients, and serum AFP, tumor size, vascular invasion, BCLC stage with TTR. The OPN and Bcl-2 expression levels in HCC tissues were also significantly associated with both OS and TTR.
Individual characteristics that showed significance by univariate analysis were adopted as covariates in a multivariate Cox proportional hazards model, and then combined Table II . Univariate analyses of factors associated with overall survival and time to recurrence.
Overall survival Time to recurrence ---------------------------------------------------------------------------------------------------------------------------------------------Variable
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value variables were further analyzed. Both OPN and Bcl-2 were demonstrated to be independent prognostic indicators for OS (p<0.001 both for OPN and Bcl-2) and TTR (p=0.004 for OPN, p=0.002 for Bcl-2). Moreover, combination of OPN with Bcl-2 was an even more powerful independent prognostic indicator for both OS (p<0.001) and TTR (p<0.001). Hazard ratio analysis showed Bcl-2 was a protective factor in HCC prognosis ( Fig. 4C and D) . Table III . Multivariate analyses of factors associated with overall survival and time to recurrence.
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value AFP (ng/ml; >20 vs. ≤20) Fig. 4A and B) .
Discussion
The poor prognosis of HCC is often the result of late diagnosis or high rate of recurrence after surgery. Metastasis is a major complication of HCC pathogenesis that typifies a poor prognosis. Current approaches are hindered by a lack of clinically useful biomarkers. OPN has been implicated as an important mediator of tumor metastasis and has been investigated for use as a biomarker for advanced disease and as a potential therapeutic target in the regulation of cancer metastasis. It is a secreted multifunctional glycoprotein expressed at high levels in tumors and the surrounding stroma of numerous types of cancer, including liver (15) (16) (17) . Increased serum and plasma OPN levels are associated with advanced-stage lung, breast (18), colon and prostate carcinomas (19, 20) . OPN expression can predict high-grade, late-stage and early-recurrence HCC (21). Our previous study identified OPN as a predictive marker for HCC and a molecular target of the HCC metastatic phenotype. The data demonstrated a correlation between OPN mRNA expression and primary HCC metastasis (22) . Furthermore, increased OPN levels were associated with increased aggressiveness and metastatic potential of HCC and positively correlated with poor prognosis and early tumor recurrence in HCC patients (23, 24) .
In vitro, we found that OPN expression increased with increasing metastatic potential in human HCC cell lines while Bcl-2 decreased with increasing metastatic potential. These data support the findings in HCC TMA and demonstrated that OPN may interact with Bcl-2 in HCC tumors and cells. Thus, we performed miRNAs for OPN in MHCC97-H cells which have a high expression level of OPN. We found that OPN decreased in shOPN MHCC97-H cells significantly compared with mock and shNon ones. Bcl-2 expression increased significantly in shOPN MHCC97-H cells. This discovery appears to be in contrast to previous reports. For example, in malignant gliomas, OPN siRNA induced clear upregulation of Bax expression, downregulation of Bcl-2, Bcl-xL (25) . Our findings are based on large cohort of HCC patients. Hung et al (8) reported that HBV pre-S2D increased Bcl-2 expression, indicating that the cohort of HCC patients, who had 92.1% HBV infection, will have some difference compared with other types of tumors. Furthermore, patients with higher OPN levels had significantly shorter median survival time and recurrence time than the lower ones. It was confirmed that OPN levels are also significantly higher in recurrent tumor tissues than in the non-recurrent ones by western blotting (p<0.001). In previous reports, an elevated plasma level of OPN was regarded as a potential prognostic biomarker, and overexpression of OPN was closely correlated with intrahepatic metastasis, early recurrence, and a poorer prognosis; this result is similar to ours in tumor tissue (21,22,24,26 ).
Improving OPN predicting efficiency for HCC patients needs to be elucidated. It is necessary to combine OPN and Bcl-2 to deal with this issue. Therefore, we used TMA contained 454 HCC cases to examine both OPN and Bcl-2 expression levels. Inversely, the higher BCL-2 levels were associated with longer median survival time and recurrence time in HCC patients. The co-index of OPN/Bcl-2 was an independent prognostic factor for both overall survival (p<0.001) and time to recurrence (p=0.001).
Bcl-2 overexpression has since been reported in several tumor types and is often correlated with poor survival (27) . Bcl-2 is best known for its ability to suppress apoptosis and belongs to a group of related proteins that are key regulators of apoptosis or programmed cell death (28) . The phenomenon of Bcl-2 expression in our study seems to deviate from the common notion that genes are 'vicious' factors. Furthermore, numerous studies have suggested that the gene may undergo conversion from protector to killer under some circumstances. Dawson et al (7) performed a study on breast cancer in 11,212 women and found that increasing expression levels of Bcl-2 predict better survival in early breast cancer and Bcl-2 is a suitable time-independent prognostic marker in early breast cancer.
Several possible mechanisms have been founf regarding this seemingly contradictory phenomenon. First, mutations in translocated Bcl-2 alleles have been identified in lymphomas which ablate the aspartic acid residue required for caspase cleavage (29) . Of note, proteolytic removal of N-terminal sequences by caspase-mediated cleavage could reverse the phenotype of Bcl-2 (30) . Second, the orphan nuclear receptor Nur77 can be induced to translocate from nucleus to cytosol, binding Bcl-2, and inducing a conformational change in Bcl-2 that probably mimics what happens during caspase cleavage, exposing the normally buried BH3 domain of Bcl-2 and causing it to function as a pro-apoptotic protein (31) . Another hypothesis (28) considers increased expression of Bcl-2 protein may also disrupt the balance with other members of the Bcl-2 family, including the expression of pro-apoptotic proteins. The molecular nature of such pores and how anti-apoptotic Bcl-2 family proteins may regulate them remains to be clarified. A potentially similar mechanism identified for Bcl-xL showed that lipid modifications of K-Ras can promote its association with Bcl-xL in mitochondria and induce apoptosis (32). Thus, depending on which proteins Bcl-2 and Bcl-xL interact with, their phenotypes can be converted from anti-to pro-apoptotic (33), providing a potential explanation for why high levels of Bcl-2 expression are sometimes associated with improved patient prognosis (34) .
Most studies have demonstrated that HCC tissues do not express or have only a low positive rate of Bcl-2 protein.
Sometimes the positive rate of Bcl-2 in HCC tissues was lower than that in the non-tumor liver tissues immediately adjacent to HCC tissues (35) . The mechanism of this phenomenon remains unclear. There may be specific characteristics of the regulation of Bcl-2 in HCC.
In conclusion, we showed that OPN/Bcl-2 expression is a promising independent predictor of recurrence and survival in HCC that may aid in the therapy of HCC patients. Bcl-2 levels may be regulated by OPN in the HCC microenvironment. The HBV background of the patients may have some unique influence on Bcl-2 expression (8). Related mechanisms should be investigated in future studies.
